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This proj ect was initiated with the intention of isolating 
and characteris ing protease from cocoa beans , Theobroma cacao 
Linneaus because a greater knowledge of the proteases present 
in cocoa beans wou ld lead to a better understand ing o f  the 
problem of inferior cocoa flavour in Malays ian cocoa beans . 
The ammonium sulphate fractional precipitation method was used 
to isolate the cocoa protease while the part ial purificat ion of 
the enzyme was achieved by gel f i ltrat ion through Sephadex G-
200. Four fractions prec ipitated with 0 - 20%, 20 - 40%, 40 -
60% and 60 - 80% saturations of ammonium sulphate were found to 
be proteolytically active against casein . Further studies were 
conducted on the fract ions precipitated with a - 2 0% and 2 0  -
40% saturations of ammonium sulphate . Studies on the isolat ion 
procedure showed that the add it ion of sodium dodecyl su lphate 
(SDS ) or Triton X-lOa detergents did not enhance the efficiency 
x iv 
of the isolation process . Temperature studies showed that both 
the ° - 20\ and 20 - 40\ fract ions have temperature opt ima o f  
4 5  - 5 0 °C but were unstable a t  t hose t emperatures .  Both 
fractions possess more than one pH optima against both casein 
and bovine serum albumin ( BSA ) . The pH opt ima are in the 
st rong acidic pH and strong alkal ine pH range s .  I nh ib itor 
studies showed that both the 0 - 20\ and 2 0  - 40\ fractions are 
l ike ly to contain cysteine proteases while not ru l ing out the 
presence of aspart ic proteases . The pas s age of the 0 - 20\ 
fract ion through Sephadex G-2 00 produced two proteolyt ically 
active protein peaks designated as Pl and P2 while that of the 
20 - 40\ fraction produced f ive act ivity peaks which were not 
we l l  s e p a r a t e d . S t u d i e s  w i t h  s o d i u m  dod e c y l s u l p h a t e  
polyacrylamide g e l  electrophoresis  ( SOS-PAGE ) showed that the 
o - 20\ fract ion was relat ively pure and that the Pl peak was 
l ikely to be a protein aggregate . The character istics o f  the 
p roteases in both f ract ions st�o n g l y  indi cate that these 
enzymes do play a role in the product ion of cocoa f lavour and 
its precursors during cocoa fermentation . 
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Proj ek ini dimu lakan dengan tuj uan untuk memenc i lkan dan 
menc irikan protease dari bij i koko , Theobr oma caca o Linneaus , 
kerana pengetahuan yang lebih mendalam mengenai protease yang 
hadir dalam bi j i  koko akan memberi kefahaman yang lebih j e las 
men g e n a i  m a s a l a h ke l em a h a n  pe r i s a  koko d a l am b i j i  koko 
Mal ays ia. K aedah pemendakan pecahan amonium sul fat telah 
digunakan untuk memenc ilkan enzim protease sementara penulinan 
separa enz im tersebut te lah di lakukan dengan penur asan gel 
melalui sephadex G-200. Empat pecahan yang dimendakkan oleh 
o - 20 %, 20 - 40 %, 40 - 60 % dan 60 - 80 % penepuan amon ium 
sulfat te lah menunjukkan aktiviti proteolisis terhadap kasein. 
Kaj ian yang seterusnya telah dijalankan ke atas pecahan yang 
telah dimendakkan oleh 0 - 20% dan 20 - 40%  penepuan amonium 
sul fat. Kaj ian ke atas prosedur pemenc ilan telah menunjukkan 
bahawa penambahan detergen natrium dodes i l  sul fat atau Triton 
xvi 
X- lOO t idak dapat meningkatkan kecekapan proses pemenc i l an .  
Kaj ian suhu menunjukkan bahawa pecahan 0 - 20\ dan 2 0  - 40\ 
mempunya i  suhu opt imum 4 5  - 5 0 °C wal aupun d idapat i t idak 
stab i l  pad a suhu tersebut. Kedua-dua pecahan mempunyai lebih 
daripada satu pH optimum terhadap kedua-dua kasein dan albumin 
serum lembu . pH opt imum itu terletak dalam julat pH asid kuat 
dan pH alka l i  kuat . Kaj ian perencatan menunj ukkan bahawa 
kedua-dua pec ahan 0 - 2 0 \  dan 20 - 40\ mungkin mengandungi 
protease j en i s  s i steina wal aupun kehad iran protease j enis  
aspart ik t idak dapat diketepikan . Perj a lanan pecahan 0 - 20\ 
me lalui Sephadex G-200 telah menghas i lkan dua puncak protein 
yang mempunyai akt iviti proteo l i s i s  yang kemudiannya t e l ah 
d i l a be l ka n  s e b a g a i  PI dan P 2  manaka l a  p e c a h a n  2 0  - 4 0 \  
menghasilkan l ima puncak akt iviti yang t idak dapat d ipisahkan 
d e n g a n  b a i k . K a j i a n m e n g g u n a k a n  e l e kt r o f o r e s i s  g e l 
pol iakrilamida natrium dodesil sulfat menunjukkan yang pecahan 
o - 2 0 \  ada l ah lebih tu l in s ec ara perband ingan dan bahawa 
puncak Pl berkemungkinan besar adalah agregat protein. Dari 
pencirian enz im protease di dalam kedua-dua pecahan tersebut 
j e las menunjukkan bahawa enzim ini memang memainkan peranan 
dalam penghasilan perisa koko dan pelopornya semasa fermentasi 
koko . 
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CBAP'rER I 
GENERAL IH'rRODUC'rIOIf 
Botanical Background of Cocoa 
Cocoa,  botanically known as Theobroma cacao L inneaus , i s  
one o f  the 2 2  species that constitute the genus Theobroma . It 
is  taxonomically c lass i f ied under the family of Sterculiaceae 
u n d e r  t h e  o r d e r  o f  M a l v a l e s . Out o f  t h e  2 2  s pe c i e s  o f  
Theobroma, cocoa i s  the only one o f  commercial value and it is 
d iv ided into two main types , name ly Crio l lo and Forastero . 
There is , however , a th ird type c a l led Tr initario wh ich i s  
basically a cross between the f irst two types ( Mini f ie, 1 980 ; 
Cook , 1982; Wood and Las s ,  1984 ) . 
Each cocoa tree cultivated from seeds produces three to 
f ive fan branches at the j orquette of the tree once the main 
trunk reaches a height of 4 to 5 feet . Flower ing begins when 
the t ree is l� years old and it occurs both at the main trunk 
and the fan branches . There are two peak flowering seasons per 
year and an adult tree can produce up to 1 0 , 000 flowers in one 
year of which only 10 to 40 of them w i l l  eventua l ly mature to 
become pods ( Cook , 1982; Wood and Lass , 1984 ) . 
1 
2 
The pod ,  which may attain a length of 6 to 10 inches and a 
d i amet e r  o f  3 t o  4 i n c he s , cont a i n s  about 2 0  t o  4 0  seeds 
surrounded by a muc ilaginous pu lp when the pod is r ipe . After 
the seeds are fermented and dried , they are commercially termed 
as cocoa beans , or cocoa when in bu l k .  Cocoa thrives we l l  
under a temperature o f  1 8  t o  3 2 ° C  and an annual rainfall of 
1 , 2 5 0  to 2 , 8 0 0  mm , and most areas in Malay s i a  fu l f i l  this  
cl imat ic requirement ( Minifie , 1980 ; Cook, 1982 ; Wood and Lass , 
1984 ; Malays ian Cocoa Board , 199 1 ) . 
Historical Background of Cocoa in Malaysia 
Cocoa is not indigenous to Malaysia , but originated from 
the Upper Amazon basin in Lat in Americ a .  It i s  pos s ible that 
it reached Sabah as early as 1700 . The earl iest record of its 
o c currence in P e n i n s u l ar M a l ay s i a  was by J . C .  Koe n i g  who 
reported see ing a fru it ing tree in Malacca in 1 7 78 . In 1 88 2 , 
Von Donop reported having seen cocoa trees of at least 2 0  years 
old fru it ing well in Brit ish North Borneo ( now Sabah ) ( Cook , 
1982 ; Wood and Lass , 1984 ; Malaysian Cocoa Board , 199 1 ) . 
The f irst serious attempt s at cocoa cult ivat ion started 
with experimental plots at the Agricultural Research Station in 
Serdang , Selangor and at the Agricultural Experimental Station 
in S i lam, Sabah . However ,  interest in the crop was minimal 
u nt i l  a f t e r  the Second Wor ld War when the government was 
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looking for other c rops to supp lement t he contr ibut ion o f  
rubber t o  the economy of the then Malay a ,  Sarawak and British 
North Borneo . Professor E . E .  Cheesman was thus assigned to the 
task of assess ing the prospects of cocoa growing in the three 
terr itor ies . As a result of h i s  report , in 1 9 5 0  Ame l onado 
( Forastero ) seedlings from West Africa were imported and tested 
on the volcanic soil of Tawau , Sabah and in observational plots 
at the Tarat Research Stat ion , Sarawak ( Wyrley-Birch , 19 7 6 ;  
Malaysian Cocoa Board , 199 1 ) . 
The f irst commercial cocoa estate was establ ished in 1950 
at Jerangau , Terengganu . This was fol lowed by the Borneo Abaca 
Ltd . ( now BAL P l antat ions ) ,  S abah in 1 9 5 5 .  The i n it i a l  
plant ing materials used were of the Amelonado type but i n  the 
mid- 1 9 5 0 s ,  it was badly af fected by a d i sease known as the 
vascular streak d ieback c aused by the fungu s Oncobasidium 
theobromae . I n  1 9 5 7 ,  the Quo in H i l l  Research Stat ion was 
e s t ab l i s hed by the Department of Agr i c u lture S ab a h  a nd a 
progr amme on varietal improvement there produced the h igh 
yielding and disease tolerant Upper Amazon hybrid . This new 
hybrid subsequent ly replaced the Amelonado type ( Wyrley-Birch , 
19 7 6 ;  Wood and Lass , 1984 ; Malaysian Cocoa Board , 1991 ) .  
The deve lopment of cocoa was further boosted under the 
Coconut Rep lant ing and Rehab i l it at ion Sc heme in Peninsu lar 
Malay s i a  whereby government subs idy was provided for the 
4 
purpose of growing cocoa as an intercrop of coconut . However , 
it was the high prices of cocoa beans in the late 1970s  and 
early 1980s that contr ibuted to the phenomenal expans ion o f  
cocoa cultivation throughout the country particularly i n  Sabah 
( Wood and Las s ,  1984; Malaysian Cocoa Board, 1991 ) .  From Table 
1 ,  it can be seen that the total area of c ocoa cult ivat ion 
between 1 9 7 5  and 1 9 8 5  saw a 1 0- fold increas e ,  f rom 3 0 , 2 8 0  
hectares in 1975 to 303 , 897 hectares in 1985 , and this increase 
was greatest seen in Sabah which was more than I S - fold from 
9 , 82 3  hectares in 1975 to 172 , 7 13 hectares in 1985 . 
Cocoa Industry in Malaysia 
At present , cocoa i s  M a l ay s i a ' s  t h i r d  most important 
agr icultural export crop after rubber and oil  palm . In 1990 , 
Malaysia produced 2 5 5 , 000 tonnes of cocoa beans and this placed 
Malaysia as the fourth largest producer of cocoa beans in the 
world after Cote d ' Ivoire (Ivory Coast ) ,  Brazil and Ghana . Of 
that , a total of 162 , 618 tonnes ,  which represents about 65% of 
the total product ion , was exported , mainly to Singapore , the 
Federal Republ ic of Germany and the Netherlands , bringing in a 
total of M$448 . 5  mil l ion in foreign exchange . More recently , 
increas ingly l arge quant ities o f  beans are being processed 
local ly and in 1990 , 2 8 , 600 tonnes of cocoa butter valued at 
M$ 2 40 m i l l ion and 10 , 102  tonnes of cocoa powder va lued at 
M$24 . 5  million were exported ( Malaysian Cocoa Board , 199 1 ) . 
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Table 1 
Area under Cocoa �n Malaysia ( 1960 - 199 0 )  
=====================-=---_.==----=------=-._-==---------==--== 
Area ( ha )  
-----------------------------------------------------
Year Peninsular Malaysia Sabah Sarawak Total 
---------------------------------------------------------------
1960 5 7 7  1 , 170  1 , 747 
1961 5 7 5  1 , 538 2 , 113 
1962 585  1 , 942 2 , 52 7  
1963 591  2 , 023 2 , 614 
1964 664 2 , 145 2 , 809 
1965 761 2 , 187 2 , 9 48 
1966 822 2 , 643 3 , 465 
1967 865 2 , 793 3 , 658 
1968 1 , 12 4  3 , 117 4 , 241 
1969 1 , 902 3 , 33 1  5 , 233 
1970 3 , 362 4 , 019 7 , 381 
1971  5 , 87 8  4 , 517 10 , 392 
1972 8 , 984 5 , 447 880 1 5 , 311  
1973  1 1 , 599 6 , 242 1 , 48 1  1 9 , 322 
1974 13 , 634 8 , 126 2 , 313 24 , 073 
1975  17 , 587 9 , 823 2 , 87 0  3 0 , 280 
1976 2 0 , 796 1 1 , 673 3 , 342 3 5 , 811  
1977  29 , 63 5  14, 994 3 , 85 0  48 , 479 
1978 34, 268 22 , 09 7  4 , 557  60 , 92 2  
1979 45 , 168 37 , 438 6 , 385 8 8 , 991 
1980 5 7 , 345 57 , 984 8 , 52 6  123 , 85 5  
1981 64, 618 83 , 455 10 , 7 1 1  158 , 784 
1982 82 , 185 114 , 474 12 , 740 209 , 399 
1983 83 , 949 132 , 729 1 4 , 402 2 3 1 , 080 
1984 89 , 163 159 , 288 1 7 , 059 265 , 5 10 
1985 106,932 172,713 2 4 , 252  303,897 
1986 105 , 908 184 , 47 7  3 1 , 949 322 , 334 
1987 122 , 7 72  196 , 944 43 , 293 363 , 009 
1988 141 , 750 204 , 466 5 3 , 675  399 , 891 
1989 147 , 904 2 08 , 500 5 4 , 700 411 , 104 
1990 148 , 400 2 1 1 , 300 60 , 600 420 , 300 
========================_=================z •• _.================ 
( Source : Malaysian Cocoa Board , 199 1 )  
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However ,  the Malaysian cocoa industry is not without its 
problems . Malaysian cocoa beans is being sold at a discount of 
£7 5 per tonne at the London Term i n a l  Market and , when a 
shortage of African beans occurs,  the price difference between 
Malays ian and Ghanaian beans can go up to more than £200 per 
tonne . This disparity in prices is due to some weaknesses in 
the qual ity of Malaysian beans , namely,  large variat ions i n  
bean s i zes , high shell  content , weak chocolate f l avour , smoky 
off-flavour and high acidity of the beans ( Lee , 1989 ) . 
Consequently, many studies have been or are being carried 
out to study the weaknesses and subsequently , to minimise them . 
Both governmental statutory bodies and companies in the private 
sector are involved in cocoa research and development ( Lewi s 
and Lee , 1 9 8 5 ) . Varietal improvement and c lonal select ion 
studies have been conducted by the Department of Agriculture 
Peninsular Malaysia ( until 1969 ) ,  the Department of Agriculture 
Sabah , the Malaysian Agr icultural Research and Deve lopment 
Institute ( MARDI ) ( since 1969 ) , S ime Darby Plantat ions , and BAL 
Plantat ions . In addition to that , research on the fermentation 
and proce s s ing of cocoa beans have been undertaken by the 
Department of Agriculture Sabah , MARDI , and also by S ime Darby 
Plantat ions . S ince its estab l ishment on Ju ly 19 , 1989 , the 
Malays ian Cocoa Board has been responsible for coordinating all 
activit ies relat ing to the cocoa industry in Malaysia including 
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the area of research and development ( Ma l ays ian Cocoa Board , 
1991 ) .  
Ralavance and Iaportance o f  Pre.ant study 
In spite of the extens ive and concerted efforts that had 
been invested into cocoa research and development , studies on 
the role o f  enzyme s in the product ion o f  cocoa f l avour and 
f l avour precursors have been large ly ignored and this i s  more 
apparent in the local scene . Therefore , there is an urgent 
need to look into this neg lected research approach and to 
supplement the work that has been carried out in other areas . 
The enzyme c hosen for t h i s  study i n  t h i s  pro j ect w a s  
prote ase b e c a u s e  t h e  en zymat i c  proteo lys i s  o f  c o c o a  b e a n  
proteins into amino acids and peptides is believed t o  b e  one of 
the maj or pathways for the production and format ion of cocoa 
flavour precursors . The study was initiated with the intention 
of isolating and characterising protease from cocoa beans . I n  
the course of the invest igat ion , four fractions of proteases 
were isolated . For the purpose of this proj ect , the scope was 
l imited to two of the fractions whereby further studies were 
conducted on these two fractions and their characteristics were 
compared with each other . 
